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peveloping Processing Techniques for Skylab Data
Monthly Progress Report, Jure 1975

The following raeport serves as the twenty-eighth monthly progress
report for ERLP Investigotion 456 M which is entitled "Develeping
Processing Techniques feor Skylab Date", The financial report for chis
contract (NAS9--13280) is being submitted under separate cover.

The purpese of this investigation is to test Information extraction
techniques for SKYLAL §-192 data and compare with results obtained in
applying these techniques te LANDSAT and aircraft scauner data.

During the reporting period progress was made in the continuirg
analysis of the effects of spatial misregistration of 5DOs on boundary
pixels and in the implementation of the mixtures classifier, Addicionally
processing was begun on the sipgnature extension task,

Etfects of Channel-to-Channel Spatial Misregistration on Claesitication
Accuracy and _on Proportion Estimation

Previous reports have deseribed simulation technloues doveloped to
investigate effects of channel=to~channel misregistration and experiment
designs to aid in the apalysis of any effects. A discuseion has been
presented on the effects of spatial misregisiration on field-center
classification aecuracy. During this report period further data pro-
cessing stages of the experiment were carricd out, and an analyris was
made in an effort to study the e¢ffects of channel-to-channel misregistration
on border (mixture) pixels. A discussion of this analysis follows.

The study conducted centered on the analysis of four basic problewms:
(1) the effect of misregistration on the classification of a mixture pizel
of two grouud covers; (2) the effect of misregistration on the false alarm
rate of any given crop among mixtures of two other ground covers; (3) the
effect of misregistration on proportion estimation; and (4) the effect of
misregistration on the proportion of field center pixels in the data. In
this report we shall deal with the first three analyses. The fourth prob’ .a
will be discussed next month,

In order o study t'iese four problems, the experiment descrilied in
the April moathly was cariied out. Two types of signature simulations
were recuired., First, signatures repregsenting field center distributionsg
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misregistered for factors of 1/3, 2/3 and 1 whole pixel in 5D0s 2, 12
and 17 were calculated, New distributions representing mixtures of all
permutations of two ground covers for varying proportions were simulated
ar follows. Let Ay and “n be the proportions of distributions A and B

in the ith chunnel used to simulate a mixture of ground covers A and B.
For perfectly registered signatures, «,, was set to 2/3, 1/3 and 0 for

every channel i, MHowever for misregistered signatures, the channels out
of registration would be in different proportions., For cxample, if a
signature was misregistered by 1/2 a pixel the proportion of cover type A
would be @, = 1/2, Hence any field-center pixels in the registered case

within 1/2 pixel of the boundary would become mixture pixels in the mis-
registered case, (In effect there would be fewer field center pixels.)
Therefore signatures representing mixtures of misregistered distributions
were simulated with proportions of LT and “yp in the registered channels 1

and ujA - B, ujB + B in the misregistered channels J where £ is the degree
of misregistration.

Once the silmulated signatures were attained the program PEC was run
to ecalenlate the expected performance for each set of eignaturee repre-
senting a given misregistration. That is, given the best linear decision
boundaries betveen the 5 field-center signatures, what will the expected
classification of mixture pixelrs appear to be, It should be mentioned
at this point that processing was also carried out with orly one channel
misregistered, but analysis has not been completed and only the analysis
of the three-channel case will be presented.

In order to simplify the discussion of the results, the presentation
here will center only on the effects noted for brush and grass mixture
pixels interacting with brush, grass and corn signatures, where the
channels were assumed misregistered from the brush inte the grass ground
cover. This example was chosen for presentation here because corn, grass
and trees comprise almost three-fourths of the scene. It represents
neither one extreme nor the other —- it is in fact falrly typical of the
whole study. What will be particularly noted is (1) the effects on the
classification of brush-grass mixtures as either brush or grass, (2) the
corn false alarm rate, and (3) the effect on proportion estimation, -
Three sets of curves will be presented. These curves display the expected
performance of brush and brush-grass pixzcls as a function of the proportion
of each crop type. 1in a sense one could envision, as an ald in etudying
these graphs, a resolution elemnent moving across a fired field boundary
and at various locations the expected prorability of that resolution element's
classification would be calculated., Nete in each of the fellowing graphs
a zone representing puie field center pixels in the registered case has been
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labelled as well as an area representing mixtures of varying degrees. The
width of these zoies 1s exactly one pixeil and the fileld boundary would
vbpear at the po‘nt (1/2, 1/2) on the ordinate.

Figure 1 displays three graphs, one for each degree of misregistration
considered, plotting the expected probability of classifying brush and
brush=-g ass mixtures as brush (the solid line) or grass (the dashed line).
In Figure 1-A, on top, one notes that in the area designated brush, these
field center pixels are for the most part classified as brush, As thn
mixture of brush and grass becomes predominantly grass, the performance
curve increases for grass and decreases for brush. Comparing Figure 1-A
with Figures 1-B and 1-C (i.e., as misregistration increases), one noticecs
immediately that the field center brush pixels are not recognized as brush
with as much consistency. The expected performance of those most near the
border deteriorates from around 80% to about 15%. This indicates tlat
misregistration does effect the correct classification of field center
pixels to a significant degree.

Figure 2 displays the expected probability of classifying a brush

or brush-grass pixel as corn. Even in the registered case the corn false
alarms among brush--arass pixels are significant. As misregistration is
introduced, more and more corn false alarms occur among pixels that were
pure ficld center brush pixels in the registered case, In fact those most
near the border are called corn with up to 407 regularity. In view of
this graph alone one cannot dismiss the significant increase in corn false
alarms introduced by misregistration of the data.

A question of obvious concern is to what extent proportien estimation
is affected by these effects of channel-to-channel misregistration. It is
argucd generally that errors tend to compensate for other errors: that is,
errors are made uniformly in all directions and over a large sample thelr
affecte vill be cancelled. The surprising corn false alarin rate smong
registered pixels of brush-grass already makes the process of proportion
estimation a less than exact science. The increased number of false alarms
to be expected with the introduction of misregistration places even more
reliance on compensating errors.

Figure 3 is preseuted to show that the errors introduced are not
strictly compensatory for proportion estimation, especially when misregi.-~
tration is introduced in the scene. Let us focus our attention on the
estimation of the proportion of corn. Noting an increased rate of corn
false alarms among brush-grass pixels, these would necessarily have to be
compensated for by a decrcase in the correct classification of corn or
mixtures of corn-other pixels (here we use the expression correct classi-
fication f. the sense that mixtures of two covers A and B are classifiled
as either A or B), TPigure 3 is a graph of the expected probabllity of "correct"
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FIGURE 2, CORN FALSE ALARMS AMONG BRUSH AND BRUSH-GRASS MIXTURE PIXELS
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classification of two ground covers as labelled as a function of the
mixture proportion. The solid line indicates the amount of brush-grass
correctly classified. With more misregistration there are more false
alarms particularly of corn, as previously noted. However the correct
clascification ¢f corn, corn-grass or corn-brush pixels does not corre-
spondingly decrease indicating that corn may be overestimated in the
given scene,

One can conclude from the evidence presented that the effects of
misregistration are indeed significant in a detrimental manner in
(1) the correct classification of border and near-border pixels; (2) in
increasing the rate of false alarms, and (3) in preportion estimation.

Subrusolution Element Processing

Last month we reported on initial geometrical analysis of the set
of spectral signatures extrocted from the data for use with the mixtures
classifier. During the current period we continued by testing the
chosen subset of signatures on a small portion of the data, Time was
spent adapting the necessary software for use with 5-192 data.

Before proceeding further, a short explanation of the manner in
which the mixtures processor is applied is in order.

1t is obvious that a pixel may be purely or almost purely of one
ground class, or it may be a mixture of several grcund classes., Thus
the algorithm used, as its first stage, dectermines the several likeliest
possibilities, First, the most probable single signature for a pixel,
and the attendant chi-square value are determined. Then the program
determines the most probable pair of signatures, the proportion of ea.l
cover in the pixel, and an associated chi-square value, The pixel may
be further analyzed as a mixture of three and four covers, For reasons
of processing time and computer space requirements this study will limit
the hypothesis to pure or two class mixture pixels., This is not an
unrealiscic restriction when one considers the scan awath over the ground.
For an agricultural area like the curvent data set, most mixture pixels
will occur at field boundaries such that the vast majority of mixture
pixels will be mixtures of two ground classes. (In general, it is expected
that 25-40% of the pixels in an agricultural data set will be mixture
pixels.)

The data are then processed through a second stage where a pixel is
determined to be a pure pixel if the chi~square value for the winning
pure case is less than some threshold Tye If it is not »ure according
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to this test, then the chi square value for the two class mixture case
is compared to a second threshold Tye If it is less than Ty the pixel

is determined to be the mixture indicated; otherwise the pixel is con-
gidered to be from a class or classes not Included In the signature set.

Currently the thresholds Ty» T, are chosen empirically =~ hence the
need for two processing stdages. The parameters i and 1) are chosen so

as to minimize the error of the proportion estimate over some training
area of known proportion,

The signature set deseribed last month was applied to a small 550
pixel section of the data. Subsequent analysis showed that very little
of the data were being called out as grass, and as a result the error
ratc vwas substantial, It seemed that the initial choice of a grass
signiturc was a poor one (see last month's discussion)., Accordingly, a
different grase signature was selected, this one being the grass cluster
with the wost number of pixels., Again the test data were processed
throes'- vha mixtures classifier. The results were somewhat better, but
the total error in the proporiion estimation for the test date was still
slightly inferior to the error rare achieved using the normal, linear
maximum likelihood, classifier. It was further noted that the chi square
thresholds chosen, which minimized the total error of the propertion
estimate, resulted in 737 of the pixels being counted as “pure" and only
18% of the pixels being assessed as mixtures. Many more mixture pixels
had been anticipated. One hypothesis for these results is that the
distributions represented by the signatures are both close together and
very broad. Thus, perhaps many of the mixture pixels are very ncar the
center of some other distribution. Also, the regular maximum likelihood
clagsification had been done using 15 signatures ~~ for the mixtures
approach we are using only six. It seems that it may be necessary to
further pack the signature simplex with other gvass slgnatures so as to
increase the grass classification rate.

During the coming month we intend to continue in the analysis of
these results and commence further procecsing.

Slgnature Extension

One data processing technique to reduce the cost of processing data
acquired over either large areas or many similar sites, and to decrease
the time required to perform the processing, is by utilizing one set of
training data to process all the data collected. Since multispectral
scanner data are affected by many nagural phenomena which serve to greatly
increase the variability in the data[zl, the abiliiy to extend the
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applicability of spectral signatures over 2 number of data sets or over
large variations in the radiation sensed requires the use of special
algorithms te adapt the training Information to the data or vice versa,

For this contract we intend to develop the capability to extend
the applicability of training information for SKYLAB 5-192 data.

For this task we have defined a training area and a test area. The
training will be carried out over the area in and arcound Lansing, Michigan.
Primary ground classes are dense urban, residential, trees, general vege-
tation, bare soll, and water. The test area will include Ypsilanti,
Michigan and the area immediately to the east. This area has the same
types of ground classes as the training area. The sites, which are both
included in the 5-192 data set we have been working with, are located
approximately 80 miles apart. Additionally, the atmospheric state for
the two sites is quite different. Examination of S5<190B Imagery acquired
at the same time as the scanner data shows clearly that the training site
is cloud free, and the atmosphere appears very clear, while the test site
is covered by a considerable haze layer and is surrounded by clouds.

Processing for the signature extensien task will dnelude clustering
" for signatures and subsequent c¢lassification for both the training area
and the test area. Then the signatures from the training srea will Dbe
used without any transformation to classify the test site, for use as a
bench mark during subsequent analysis. Then the signatures will be
modified by various signature extension transformations and used to
process the test site data.

The transformations tested will ineclude the MASC algorlthm[3], and
adaptive classificationl4], both developed at ERIM. Turther signature
extension techniques will be devised and tested es time allows.

; - Initial processing was begun by clustering an area in the test site.
There had been some apprehension that the haze layer would sufficiently
affect the reflected radiation that classification could not be adequately
carried out. The results of Lhe clu¢tering were good and showed that the

- .area can be well. classified: : : : :

During the coming month we will continue processing in accordance
with the plan ouLlined above, '
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